Although empirical evidence is scarce regarding the longevity of olfactory memories, available evidence suggests that the forgetting rate of olfactory representations is rather slow (e.g., [@CIT0031]; [@CIT0040]; [@CIT0044]). This study investigated long-term olfactory forgetting as a function of familiarity and identification. Whereas a wealth of evidence indicates a positive influence from semantic factors on episodic retention of verbal and visual information ([@CIT0026]; [@CIT0040]), the observations are mixed regarding the relationship between odor recognition and semantic factors (e.g., familiarity, identifiability). Early observations in odor recognition over longer time frames (e.g., days, weeks, and 1 year) showed slow forgetting, possibly because of a negligible impact of retroactive interference ([@CIT0015]; [@CIT0032]). Based on the rather flat forgetting function, it was assumed that odors are encoded as unitary perceptual events with little attribute redundancy. Typical findings in these early studies were low initial memory performance, little subsequent forgetting, and no effects of familiarity and identification on subsequent memory performance. Relatedly, research targeting odor memory in the short term (i.e., seconds up to a few minutes), have also shown that memory (e.g., correct same/different discriminations of odor pairs) is relatively unaffected by retention interval ([@CIT0014]; [@CIT0021]; [@CIT0020]). However, as research on odor memory in the long-term is the primary focus for this study, this literature will be more thoroughly reviewed.

In a seminal study, [@CIT0015] found a virtually flat forgetting curve across a 30-days interval (immediately, 1 day, 7 days, 30 days) in their first experiment. The results showed approximately 70% correct recognition of target odors in a 2-alternative forced choice (2-AFC) task. Memory for familiar and unfamiliar odors, collapsed across retention intervals, did not differ significantly. A subsample of the participants were re-tested after 1 year and performed significantly better than chance on a recognition task. However, as there is no available information of how this specific subsample was chosen and how the procedure was done, the results should be interpreted with caution. The second and third experiments assessed recognition memory 3 months after encoding and similar performance levels were observed as in their first experiment. Only a weak relationship was found between memory and identification, as indicated by somewhat better memory performance for odors that had been matched with a correct label at encoding as compared with matching it with peers' self-generated names. Relatedly, [@CIT0032] also used a 2-AFC task and reported of a rather weak relationship between recognition and identification ([@CIT0001]). In this study, performance dropped with approximately 10% in proportion correct recognition over 28 days (10min, 7 days, 28 days), again in line with the notion of little olfactory forgetting over time. Notably, the study by [@CIT0015] and [@CIT0032] both lacked an appropriate control task or comparison modality. In contrast, [@CIT0031] compared odor recognition with memory for ambiguous forms and pictures across 4 months (20min, 7 days, 28 days, 4 months), using a 2-AFC task. The results showed that proportion correct recognition for odors and ambiguous shapes decreased gradually up to 28 days (\~15%) but showed no significant decline between 28 days and 4 months. Thus, the slow forgetting rate could also be generalized to equivocal visual information. In comparison, picture recognition was superior to that of odors and ambiguous shapes and decreased with approximately 20%, although with clear ceiling effects during the first month. No effect of perceived familiarity on odor memory was found.

[@CIT0043] investigated odor recognition across 7 days (10min, 1 day, 7 days) with a yes/no procedure and found a rather similar memory decrement across that specific time interval as had been observed in previous studies ([@CIT0015]; [@CIT0032]; [@CIT0031]). However, in contrast to the previous studies on olfactory forgetting, memory appeared to be closely related to both familiarity and identification, with better memory (*d*′) for odors that were perceived as more familiar, identified more accurately, and identified more consistently across encoding and testing. In addition, it was noted that memory for consistently identified odors decreased across time, although not below a *d*′ score of 2.5, which should be considered as a relatively high performance. It was further suggested that verbal codes may facilitate odor memory, although they were not considered as a prerequisite for successful recognition.

[@CIT0040], Experiment 2) investigated young and old participants' recognition memory for common odors, faces of presidents, and engineering symbols across 6 months (15min, 2 weeks, 6 months) by using a yes/no procedure. To the best of our knowledge, this retention interval is the longest applied in a controlled study on olfactory forgetting. Young participants' memory, as calculated by the sensitivity measure A~z~ ([@CIT0046]), declined progressively for all stimulus types, although slowest for the symbols. Based on the available data, a higher rate of olfactory forgetting was found than in for example the study by [@CIT0031]. However, performance stayed above chance over the 6-month period for all stimuli. Hence, this study showed clear olfactory forgetting across time, as opposed to [@CIT0015], although the authors considered the forgetting rates for all stimulus types as relatively slow. The number of identified odors was positively related to hit rates at the 15 minutes and 2 weeks testing, but not after 6 months. The latter may indicate that semantic or verbal factors play a smaller role for the retention of odors across very long time frames. Relatedly, [@CIT0034] assessed odor recognition across 21 days (30min, 1 day, 7 days, 21 days) with a 2-AFC task. Memory performance decreased slowly but significantly from 77% to 69% proportion correct recognition, although neither hit nor false alarm rates changed significantly across the retention intervals. As was indicated in the study by [@CIT0043], consistently identified odors were better remembered than inconsistently identified odors ([@CIT0005]; [@CIT0035]; [@CIT0016]; [@CIT0006]). These findings suggest that identification consistency across encoding and testing may be more important than identification accuracy ([@CIT0035]; [@CIT0016]). [@CIT0003] showed that inconsistent identification across repeated trial sessions was rather common. Also, odors that were initially correctly identified were also more consistently identified at later trials than incorrectly identified odors.

Although there is still some controversy regarding the role of semantic factors in episodic odor memory ([@CIT0019]) a large number of studies, in particular those of later date, underscore the positive influence of familiarity and identification on olfactory retention ([@CIT0051]; [@CIT0005]; [@CIT0026]; [@CIT0029]; [@CIT0042]). Presumably, these factors are important as they reflect the degree of semantic knowledge and experience with an odor. For example, whereas a low familiarity rating may reflect little experience and knowledge, a high rating may reflect more specific knowledge, such as the odor's category or name ([@CIT0027]). Relatedly, the tip-of-the-nose phenomenon ([@CIT0033]; [@CIT0024]) illustrates that a strong feeling of familiarity might be accompanied with some knowledge of the odor, such as the category of objects, but still with an inability to identify the odor. Previous research has shown that odor memory (*d*′) is better for participants instructed to use verbal encoding strategies (i.e., identifying or associating odors to a life episode) than when no specific strategy was promoted ([@CIT0036], 1990), although this finding was not replicated by [@CIT0053]. Still, few studies have investigated the relationship between odor memory and semantic factors across longer time frames. Although the studies by [@CIT0043] and [@CIT0040] provide information on long-term olfactory retention, evidence is based on familiar everyday odors ([@CIT0031]). Hence, knowledge regarding memory proficiency for odors with few semantic attributes is yet unknown.

Faces have been described as a unique class of stimuli ([@CIT0013]) and research has indicated that face memory is superior to many other visual stimulus materials ([@CIT0045]). Although odors and faces evidently are 2 fundamentally different stimulus types, they share some common features. First, it has been suggested that both modalities encourage holistic encoding ([@CIT0004]; [@CIT0040]). For example, research indicates that recognition of the whole face is better than of the comprising parts ([@CIT0049]). In a similar vein, research indicates that odors are perceived unitarily and that its components are difficult to detect or notice ([@CIT0047]). Also, both stimulus types are difficult to name ([@CIT0008]; [@CIT0026]; [@CIT0023]). For these reasons we included famous and non-famous faces as a comparison modality to odors in the present study ([@CIT0039]; [@CIT0040]).

In sum, this work was designed to explore long-term recognition memory for high and low familiar odors and faces across 4 different retention intervals up to 64 days (i.e., immediately, 4, 16, and 64 days after encoding). Of particular interest was to study memory for odors with few semantic attributes that has been neglected in previous work. One important goal was also to determine the importance of identification consistency for successful long-term recognition memory.

Method {#s1}
======

Participants {#s2}
------------

Eighty-four participants were recruited from the Department of Psychology at Stockholm University. As indicated by a questionnaire, all were in good health and reported that they had a normal sense of smell and visual acuity. One participant was excluded due to an interrupted test session, yielding a final sample of 83 participants (43 women, 40 men). The age ranged from 19 to 50 years for the women (*M* ~age~ = 26.3, *SD* = 5.8) and from 19 to 44 years for the men (*M* ~age~ = 26.1, *SD* = 5.8). We used a between-groups design, where participants were tested either immediately (10 men, 10 women), 4 days (10 men, 10 women), 16 days (9 men, 10 women), or 64 days (10 men, 14 women) after encoding. They were given course credits or cinema ticket vouchers for their participation.

The study was approved by the Swedish Research Council and it complies with the Declaration of Helsinki for Medical Research involving Human Subjects. The participants provided written consent.

Materials {#s3}
---------

### Odors {#s4}

A total of 24 odors were used as odor test stimuli, of which half were high in familiarity (*n* = 12) and the other half low in familiarity (*n* = 12). As shown in [Table 1](#T1){ref-type="table"}, the majority of the low familiar odors had been evaluated and defined as unfamiliar in previous studies ([@CIT0048]; [@CIT0022]). Further, [@CIT0022] reported that these odors were hard to name or *verbalize*.

###### 

Test sets of odors high and low in familiarity

  High familiar odors   Low familiar odors
  --------------------- -------------------------------------------------------------
  Anise^a^              2-Phenylethyl ethyl ether (PEE)^b,c^
  Bitter Almond^a^      2-Phenylethyl pentyl ether (PPE)^b,c^
  Clove^a^              3.7-Dimethyloctanenitrile (DON)^b,c^
  Lemon^a^              Bornyl acetate (BOR)^b,c^
  Lily of the valley    Citrowanil (2-ethenyl-2-methyl benzene-propanal) (CIW)^b,c^
  Mushroom              Dec-9-en-1-ol (DEO)^b,c^
  Peppermint            Leather^a^
  Petrol                Menthyl acetat (19)^b,c^
  Soap                  Methyl benzoate (MBE)^b,c^
  Tar                   Malodorous composition^a^
  Vanilla^a^            Tridec-2-enenitrile (TDN)^b,c^
  Violet^a^             Ylang-Ylang^a^

^a^Purchased from Essencefabriken, Stockholm.

^b^Donated by the Department of Organic Chemistry at Stockholm University.

^c^Odors low in familiarity were sampled from Sulmont et al. (2002).

Familiarity ratings on a seven-point scale (1 = *very unfamiliar*; 7 = *very familiar*) differed significantly between the 2 odor sets, as shown by a paired samples *t*-test, *t*(82) = 16.92, *P* \< 0.001 (*M* ~high\ familiar~ = 5.86; *SD* ~high\ familiar~ = 0.73; *M* ~low\ familiar~ = 4.16; *SD* ~low\ familiar~ = 1.05). The complete odor set is presented in [Table 1](#T1){ref-type="table"}. As shown above, the ratings for the low familiar odors were rated approximately in the middle of the scale. However, as we had 2 odor sets that differed in familiarity, the main objectives of the study could be fulfilled. The odors were prepared in 160-mL opaque glass jars by injecting the liquid on a cotton pad that in turn was covered by another pad. For each participant, 12 odors (6 high familiar, 6 low familiar) served as targets at encoding and 12 odors (6 high familiar, 6 low familiar) as distractors at later testing. The selection of target and lure odors was individually randomized for each participant.

### Faces {#s5}

In a pilot experiment, 20 subjects were presented with 200 faces. Half of them were photos of famous Swedish persons (e.g., politicians, actors, and news presenters), and the other half photos of non-famous Swedish persons. All photos were edited to the same size and converted to black-and-white photos. All faces were displayed on a white background and under the face a black collar was inserted in order to conceal variation in clothing. The pictures were presented on a 22-inch LCD monitor controlled by an E-prime 2.0 script (Psychological Software Tools). For each face, participants rated perceived familiarity on a seven-point scale (1 = *very unfamiliar*; 7 = *very familiar*). Since we noticed high performance and risks of ceiling effects in face recognition in previous research ([@CIT0040]), a larger set size of pictures than that of odors was selected. The 80 most familiar and the 80 least familiar faces were selected for the main study, with 40 female and 40 male faces per familiarity category. Familiarity ratings on a seven-point scale differed significantly between the 2 face sets, as shown by a paired samples *t*-test, *t*(82) = 25.70, *P* \< 0.001 (*M* ~high~ ~familiar~ = 5.13; *SD* ~high~ ~familiar~ = 1.22; *M* ~low\ familiar~ = 1.58; *SD* ~low\ familiar~ = 0.53). For each participant, 80 faces (40 high familiar, 40 low familiar) served as targets at encoding and 80 faces as distractors (40 high familiar, 40 low familiar) at testing. The target and lure selection was individually randomized and the participant registered the responses with a keyboard.

Procedure {#s6}
---------

All participants attended one encoding session and one test session. They were tested individually in a well-ventilated room by the same experimenter. First, the participant provided informed consent. Next, a questionnaire was distributed regarding educational background, age, health status, sensory (visual, auditory, olfactory) aptitude, and smoking habits. At both encoding and testing, odors and faces were presented in 2 separate blocks and the order of modality was counterbalanced across participants. For a given participant the modality order was the same in the encoding and the test session. At encoding, the participant was informed that the stimuli would be memorized for a later memory test.

### Odor encoding and testing {#s7}

The participant was blindfolded throughout the odor presentation and the experimenter told when a new odor was about to be presented. The participant was instructed to breathe normally when an odor was presented under the nose. Each odor was presented for approximately 5 s, after which the participant first rated the familiarity of the odor on a seven-point scale (1 = *very unfamiliar*; 7 = *very familiar*), followed by an attempt to identify it by name as precisely as possible (e.g., banana rather than fruit). To minimize effects of adaptation, the inter-stimulus presentation interval was 30 s. The experimenter recorded all answers.

At testing all odors from the encoding session was presented along with the same number of distractor odors, that is, in total 24 odors (12 high familiar, 12 low familiar). The tasks were to first decide whether each of the presented odors had been presented at the encoding session (yes/no) and then to identify it.

### Identification consistency and accuracy for odors {#s8}

Three categories of identification performance, regardless of accuracy across encoding and testing were analyzed: (i) consistent identification at encoding and testing (i.e., identifying identically or similarly), (ii) inconsistent identification (i.e., different identifications at encoding and testing, identification at encoding only, or identification at testing only), and (iii) no identification at encoding and testing (i.e., omissions). Regardless of accuracy, an odor was scored as consistently identified when the same or nearly the same label was used across sessions (e.g., lemon--lemon candy).

Moreover, identification accuracy was analyzed. The generated names were dichotomously scored as correct or incorrect. Both exact matches as well as names that were close to the veridical name (e.g., lemon candy for lemon) were scored as correct. Incorrect names and omissions were scored as incorrect identifications. Inter-rater reliability for the scoring of odor names was assessed between 2 of the authors, and showed high agreement between the scorings (*r* = 0.95, *P* \< 0.001).

### Face encoding and testing {#s9}

Each face was shown for 4 s, after which the participant rated its perceived familiarity on a seven-point scale (for a maximum of 5 s; 1 = *very unfamiliar*; 7 = *very familiar*), followed by an attempt to name the person shown (for a maximum of 8 s). When the time limits were reached the program continued automatically.

At test, 80 target faces along with the remaining 80 distractor faces were presented, that is, in total 160 faces (80 high familiar, 80 low familiar). For each face, a yes/no recognition task and an identification task followed. The same time frames were used at test as at encoding. The generated names were dichotomously scored as correct or incorrect, where a correct answer represented a correct first name, surname, or both. Incorrect answers included inaccurate names and omissions.

For the purpose of this study, only the familiarity ratings and recognition data for the faces were used.

Results {#s10}
=======

For the analyses of odor and face recognition memory, we computed hits, false alarms, and *d*′ scores ([@CIT0046]). The mean proportions were analyzed with separate 4 (retention interval: immediate, 4, 16, 64 days) × 2 (modality: odor, face) × 2 (familiarity: high familiar, low familiar) mixed ANOVAs, with repeated measures on the last 2 factors. Only significant main and interaction effects are reported. The alpha level was set at 0.05. Initially we also included gender as a factor in the ANOVA, as previous research has found that women are better in identifying odors than men ([@CIT0012]). Because no reliable main or interaction effects involving gender appeared, we excluded this factor in the analyses reported below.

*d*′ Scores {#s11}
-----------

To obtain a recognition discrimination index, *d*′ was calculated---an unbiased sensitivity measure commonly applied in recognition memory research. In the signal detection theory model, *d*′ is defined as the *z*-transformed difference between proportions hits (*H*) and false alarms (*F*); \[*d*′ = z (*H*) − z (*F*)\] ([@CIT0038]). Hit and false alarm proportions of 1 and 0 were adjusted according to [@CIT0038] suggestions, namely to 1 − 1/(2N) and 1/(2N), respectively. As illustrated in [Figure 1](#F1){ref-type="fig"} and confirmed by the ANOVA, *d*′ scores were significantly higher for faces (*M* = 2.22; *SD* = 0.80) than for odors (*M* = 1.38; *SD* = 0.74) \[*F*(1, 79) = 179.40, *P* \< 0.001, $\eta\,_{p}^{2}$ = 0.69\]. Performance was significantly better for high familiar (*M* = 2.05; *SD* = 0.72) than low familiar stimuli (*M* = 1.59; *SD* = 0.57) \[*F*(1, 79) = 53.47, *P* \< 0.001,$\eta\,_{p}^{2}$ = 0.40\]. Further, *d*′ decreased significantly across retention intervals \[*F*(3, 79) = 52.39, *p* \< 0.001,$\begin{array}{l}
{\eta\,_{p}^{2}} \\
 \\
 \\
\end{array}$ = 0.67\], and Tukey's HSD post hoc test confirmed that all comparisons except that between immediate and 4 days were statistically significant (*P*s \< 0.01). However, the decrease in performance across time differed between odors and faces, as reflected in the significant interaction between modality and retention interval \[*F*(3, 79) = 5.79, *P* = 0.001, $\eta\,_{p}^{2}$ = 0.18\]. To disentangle this interaction, 2 separate one-way ANOVAs were conducted for odors and faces with retention interval as independent variable. Tukey's HSD post hoc test confirmed that the differences in odor recognition performance were significant between all retention intervals (*P*s \< 0.05) except between 4 and 16 days \[*F*(3, 79) = 15.02, *P* \< 0.001\]. In contrast, face recognition memory decreased significantly across all retention intervals except between immediate and 4 days testing (*P*s \< 0.01) \[*F*(3, 79) = 39.65, *P* \< 0.001\]. Furthermore, the main ANOVA showed that retention interval interacted with familiarity \[*F*(3, 79) = 3.18, *p* = 0.028,$\eta\,_{p}^{2}$ = 0.11\], indicating that the difference between high familiar and low familiar stimuli decreased significantly across retention intervals. This finding was followed up with paired *t*-tests, with a Bonferroni corrected alpha level, which showed that although the familiarity effect was significant at immediate, 4, and 16 days testing (*P*s \< 0.01), *d*′ for high familiar and low familiar stimuli did not differ significantly at the 64 days testing.

![*d*′ Scores (±SE) as a function of modality, familiarity, and retention interval.](chemse_bjv003_f0001){#F1}

As noted above, it was of particular interest to explore the forgetting function for olfactory information with less semantic attributes. As illustrated in [Figure 1](#F1){ref-type="fig"}, immediate recognition performance for low familiar odors was 1.46 (*SD* = 0.58) and declined to 0.50 (*SD* = 0.83) over the 64 days interval. However, although the performance drop was substantial, recognition memory performance at the 64 days testing was significantly better than chance (score of zero), as indicated by a one-sample *t*-test \[*t*(23) = 2.95, *P* = 0.007\].

Hit rates {#s12}
---------

The ANOVA revealed significant differences in hit rates between odors (*M* = 0.72; *SD* = 0.17) and faces (*M* = 0.80; *SD* = 0.13), \[*F*(1, 79) = 17.43, *P* \< 0.001, $\eta\,_{p}^{2}$ = 0.18\], and between high familiar (*M* = 0.85; *SD* = 0.12) and low familiar (*M* = 0.67; *SD* = 0.16) stimuli \[*F*(1, 79) = 132.04, *P* \< 0.001, $\eta\,_{p}^{2}$ = 0.63\]. Further, there was significant decrement across time \[*F*(3, 79) = 17.64, *P* \< 0.001, $\eta\,_{p}^{2}$ = 0.40\] and a significant interaction between modality and retention interval \[*F*(3, 79) = 3.07, *P* = 0.03, $\eta\,_{p}^{2}$ = 0.10\]. In order to disentangle this interaction, 2 one-way ANOVAs were performed for odors and faces, respectively, with retention interval as independent variable. For odors, Tukey's HSD post hoc test \[*F*(3, 79) = 6.29, *P* = 0.001\] confirmed that the drop in hit rates after immediate testing was significant (*Ps* \< 0.05 vs. later recognition performances), but remained constant from 4 to 64 days ([Figure 2](#F2){ref-type="fig"}). Hit rates for faces, however, decreased significantly across all time intervals (*P*s \< 0.02) except between immediate and 4 days testing \[*F*(3,79) = 22.86, *P* \< 0.001\].

![Proportion hit rate (±SE) as a function of modality, familiarity, and retention interval.](chemse_bjv003_f0002){#F2}

False alarm rates {#s13}
-----------------

New items incorrectly recognized as old were classified as false alarms. The ANOVA yielded significant differences in false alarms between odors (*M* = 0.26; *SD* = 0.15) and faces (*M* = 0.13; *SD* = 0.10) \[*F*(1, 79) = 73.12, *P* \< 0.001, $\eta\,_{p}^{2}$ = 0.48\]. Also, significantly more false alarms were generated for high familiar (*M* = 0.21; *SD* = 0.14) than low familiar stimuli (*M* = 0.17; *SD* = 0.11) \[*F*(1, 79) = 5.64, *P* = 0.02, $\eta\,_{p}^{2}$ = 0.07\]. False alarms increased significantly across retention intervals \[*F*(3, 79) = 14.67, *P* \< 0.001, $\eta\,_{p}^{2}$ = 0.36\]. Also, a significant interaction between modality and retention interval \[*F*(3, 79) = 3.49, *P* = 0.02, $\eta\,_{p}^{2}$ = 0.12\] reflected that the increment of false alarms across retention intervals differed between modalities ([Figure 3](#F3){ref-type="fig"}). Two separate one-way ANOVAs were performed for the modalities, to further investigate this interaction. Tukey's HSD post hoc test confirmed that the false alarm rate for odors was stable up to 16 days, but increased reliably after 64 days compared with the previous test occasions (*P*s \< 0.01) \[*F*(3, 79) = 9.71, *P* \< 0.001\]. False alarm rates for faces were significantly higher at 64 days than at immediate and 4 days (*P*s \< 0.001), and higher at 16 days than 4 days testing (*P* \< 0.05), although no other comparisons were significant \[*F*(3, 79) = 11.40, *P* \< 0.001\]. Furthermore, the main ANOVA revealed a significant interaction between familiarity and retention interval \[*F*(3, 79) = 6.68, *P* \< 0.001, $\eta\,_{p}^{2}$ = 0.20\], indicating that the general effect of familiarity differed across time. The interaction was followed up with paired *t*-tests, with a Bonferroni corrected alpha level, showing that the false alarm rate was significantly higher for low familiar than high familiar stimuli at immediate testing (*P* \< 0.01), whereas the opposite pattern was found at 64 days (*P*s \< 0.05). False alarm rates did not differ between the odor sets at the 4 and 16 days testing. Moreover, familiarity interacted significantly with modality \[*F*(1, 79) = 12.0, *P* = 0.001, $\eta\,_{p}^{2}$ = 0.13\], reflecting significantly higher false alarm rates for high familiar than low familiar faces (*P* \< 0.001), whereas no difference was observed between familiar and low familiar odors.

![Proportion false alarm rate (±SE) as a function of modality, familiarity, and retention interval.](chemse_bjv003_f0003){#F3}

Identification consistency, identification accuracy, and hit rate for odors {#s14}
---------------------------------------------------------------------------

The aim was to investigate the relationship between identification consistency (regardless of accuracy) and recognition. Because only target odors could be analyzed for consistency we focused on hit rate performance. As already noted in the method section, 3 categories of consistency performance were analyzed: (i) consistent identification, (ii) inconsistent identification, and (iii) no identification at encoding and testing (i.e., omissions).

As shown in [Table 2](#T2){ref-type="table"}, consistently identified odors had higher mean hit rate performance than both inconsistently identified odors and odors that had not been identified at either of the test sessions. The proportion of consistently identified odors decreased significantly across retention intervals \[*F*(3, 79) = 9.61, *P* \< 0.001\]. Furthermore, individual proportions of consistent identification (from a total of 12 target odors) were used for a number of Pearson product-moment correlations. First, we noted that proportion consistent identification was highly correlated with proportion inconsistent identification, *r*(81) = −.69, *P* \< 0.001. More importantly, and as suggested by the descriptive data ([Table 2](#T2){ref-type="table"}), there was a positive correlation between the proportion of consistently identified odors and hit rate, *r*(81) = 0.50, *P* \< 0.001. Moreover, 2 separate correlation analyses for high and low familiar odors both indicated positive relationships between consistent identification and hit rate (high familiar: *r*(81) = 0.57, low familiar: *r*(81) = 0.39, *P*s \< 0.001). It should also be noted that a much higher proportion consistent identification was observed for high familiar (*M* = 0.57, *SD* = 0.26) than for low familiar odors (*M* = 0.18, *SD* = 0.18). Although the proportion of consistent identification was higher for correctly (*M* = 0.50) than incorrectly (*M* = 0.07) identified high familiar odors, the hit rate was of similar magnitude (*M* = 0.94 vs. *M* = 0.98, respectively).

###### 

Proportion hit rate as a function of identification (ID) consistency between encoding and testing for high and low familiar odors

                                            Retention interval                                       
  ----------------------------------------- -------------------- ----------- ----------- ----------- ------------
  Consistent ID at encoding and testing                                                              
   High familiar odors                      0.98 (87)            0.99 (73)   0.97 (67)   0.95 (59)   0.97 (286)
   Low familiar odors                       0.97 (35)            0.87 (23)   0.82 (17)   0.93 (15)   0.91 (90)
  Inconsistent ID at encoding and testing                                                            
   High familiar odors                      0.76 (25)            0.55 (44)   0.55 (38)   0.61 (76)   0.60 (183)
   Low familiar odors                       0.69 (55)            0.51 (76)   0.60 (65)   0.48 (94)   0.56 (290)
  No ID at encoding and testing                                                                      
   High familiar odors                      0.63 (8)             0.00 (3)    0.44 (9)    0.78 (9)    0.55 (29)
   Low familiar odors                       0.73 (30)            0.67 (21)   0.44 (32)   0.60 (35)   0.60 (118)

Data is presented across retention intervals. The total number of test items (*N*) is presented in the parentheses.

Four separate correlation analyses were performed for each retention interval (including all target odors), indicating positive correlations between consistent identification and hit rate at all occasions, although only statistically significant at the 4 days testing, *r*(18) = 0.60, *P* \< 0.01. The correlations at immediate (*r*(18) = 0.21, *P* = 0.37), 16 days (*r*(17) = 0.37, *P* = 0.12), and 64 days (*r*(22) = 0.26, *P* = 0.23) were moderate but nonsignificant. A follow-up hierarchical regression analysis was performed to investigate whether the correlations differed significantly from each other. Specifically, proportion consistent identification, retention interval, and an interaction term (proportion consistent identification by retention interval) were entered as independent variables in this order with hit rate as the criterion variable. Proportion consistent identification was the only factor that significantly predicted hit rate (b = 0.54, *t*(79) = 4.70, *P* \< 0.001). The observation that the interaction term did not account for any significant variation in hit rate (*P* = 0.15) suggests that the effect of consistent identification on hit rate was of equal magnitude across the retention intervals.

Moreover, the relationship between identification accuracy and memory performance was investigated for high familiar odors, as only these odors had expected labels that could be scored for accuracy. Descriptive data across items indicated that the hit rate was highest for correctly identified stimuli at encoding and testing (*M* = 0.97) and lower when identification was only correct at one of the 2 sessions (*M* = 0.54) or not identified at any of the sessions (*M* = 0.55). Thus, these observations corroborated the findings from the identification consistency analyses.

Follow-up analysis on olfactory forgetting (*d*′) for low familiar odors {#s15}
------------------------------------------------------------------------

The low familiar odors were specifically selected to be impossible to identify (i.e., they had no correct labels) to minimize semantic influence on recognition memory. Nevertheless, and as reported above, a rather small proportion of the low familiar odors were still named consistently. In a follow-up analysis, consistently named odors were removed for each participant and new hit rates were calculated for the remaining (low familiar) target odors. For the majority of participants (88%) the number of remaining odors ranged between 4 and 6 items. New *d*′ scores for the low familiar odors were calculated for each participant, based on the new hit rates and the already existing false alarms rates.

The *d*′ scores were entered into an ANOVA as the dependent variable and retention interval (immediate, 4, 16, 64 days) as independent variable. The results indicated that *d*′ scores differed significantly between retention interval, \[*F*(3, 79) = 4.75, *P* = 0.004,$\eta\,_{p}^{2}$ = 0.15\], and Tukey's HSD post hoc test confirmed that performance at the 64 days testing differed significantly from the immediate (*P* \< 0.01) and 16 days testing (*P* \< 0.05). Performance did not differ significantly between any of the other retention intervals. Mean *d*′ scores (*SD*) at immediate, 4 days, 16 days, and 64 days testing were 1.19 (0.70), 0.92 (0.79), 1.06 (0.73), and 0.38 (0.85). Memory at the 64 days testing was followed up with a one-sample *t*-test \[*t*(23) = 2.19, *P* = 0.039\], which indicated that performance was significantly better than chance (score of zero).

Analysis of response bias {#s16}
-------------------------

Response bias was calculated in order to investigate whether there were any differences in response styles across the retention intervals. In signal detection theory, *c* (criterion) is a measure of response bias and defined as *c* = −½ \[z(*H*) + z(*F*)\] ([@CIT0038]). A score of zero reflects a neutral response style. A repeated measures ANOVA was performed with *c* as dependent variable, and modality and retention interval as independent variables. The results indicated that response bias differed between modalities \[*F*(1, 79) = 10.16, *P* = 0.002\], such that the response bias for faces was moderately conservative (*M* = 0.17, *SD* = 0.32) and virtually neutral for odors (*M* = 0.02, *SD* = 0.38). Retention interval did not influence bias (*P* = 0.29) and the interaction between retention interval and modality was not reliable (*P* = 0.10). Descriptive data on bias for odors across retention interval did not reveal any clear pattern \[*M* ~immediate~ = −0.10 (0.37), *M* ~4\ days~ = 0.09 (0.45), *M* ~16\ days~ = 0.18 (0.31), *M* ~64\ days~ = −0.06 (0.35)\], whereas bias for faces showed a small nominal increment across retention interval \[*M* ~immediate~ = 0.11 (0.30), *M* ~4\ days~ = 0.19 (0.27), *M* ~16\ days~ = 0.16 (0.34), *M* ~64\ days~ = 0.22 (0.37)\].

Discussion {#s17}
==========

The aim of the study was to investigate long-term odor recognition memory and forgetting as a function of familiarity and identification. The results showed significant forgetting for both odors and faces, as indicated by the decrement in *d*′ scores across 64 days. Although a significant interaction between modality and retention on odor memory was observed, the forgetting functions for the 2 modalities were not fundamentally different. Previous research has suggested that the forgetting rate for odors may be similar to simple figures ([@CIT0031]), symbols and faces ([@CIT0040]), but slower than forgetting for pictures ([@CIT0031]). In the present work, the forgetting rate was comparable to some of the previous reports ([@CIT0031]; [@CIT0043]), although methodological differences between studies should be acknowledged. Furthermore, the hit rates for odors were stable across the 4, 16, and 64 days testing, whereas false alarm rates increased significantly between 16 and 64 days testing. These findings differ from the observed face recognition performance, where hit rates decreased and false alarm rates increased with longer retention intervals; the so called mirror effect ([@CIT0018]). Also, the results indicated a relatively conservative response style for faces whereas it was virtually neutral for odors. Although not of primary interest, we also note that face memory in general was superior to odor memory. This is noteworthy as the set size of faces was substantially larger than for odors and that odors were perceived as more familiar than the faces. This outcome concurs with the notion of an exceptional human ability to recognize faces ([@CIT0052]; [@CIT0045]). In congruence with a large body of evidence, recognition memory (*d*′) was better for high familiar than low familiar stimuli. Although the relative difference in perceived familiarity was smaller for odors than for faces, the familiarity effect on recognition was true for both modalities ([@CIT0025]; [@CIT0043]; [@CIT0040]; [@CIT0050]).

Although people in general have a rather poor ability to identify odors ([@CIT0026]; [@CIT0023]), identification proficiency is positively related to memory performance ([@CIT0043]; [@CIT0016]). Our findings extend and replicate this observation by showing that identification consistency may be a stronger predictor for successful recognition than correct identification ([@CIT0016]). First, irrespective of accuracy, high familiar consistently identified odors were associated with the highest hit rates. However, it should be noted that identification consistency was markedly lower for incorrectly identified odors ([@CIT0003]). Second, the hit rates did not differ for odors identified correctly at one session only or for odors that were not identified at any of the sessions. The influence of consistent identification on memory was also examined at an individual level and indicated that proportion consistent identification across encoding and testing was positively correlated to hit rates irrespective of odor familiarity. Moreover, a follow-up analysis where consistently identified items were removed from the low familiar odor set, revealed an even lower memory performance across all retention intervals. Although memory was still significantly better than chance at the 64 days testing, the performance level was relatively low.

Overall, the pattern of findings suggests that olfactory memory is dependent on odor familiarity and consistent identification. Consistent identification is related to familiarity and correct identification, as indicated by a higher frequency of consistent identifications for high than low familiar odors as well as for correctly than incorrectly identified (high familiar) odors. The positive effects of familiarity and identification on memory could be due to several factors. For example, it has been suggested that identification influences the perception of the odor or makes it more meaningful that ultimately result in better memory performance ([@CIT0010]). Also, it is possible that the odor names generated at encoding may serve as retrieval cues at recognition ([@CIT0009]).

Recently, [@CIT0006] suggested that the consistency effect varies with regard to the temporal order of the identification and recognition tasks ([@CIT0016]). Specifically, their results suggested that the consistency effect was largest when the identification task preceded the recognition task, but markedly reduced for the reversed order. This implied both better memory performance for consistent identifications as well as worse performance for inconsistent identifications. Intriguingly, the effect was not reliable when identification was assessed after the recognition test. Thus, these findings suggest that the relative impact of odor name generation on odor recognition depends on whether such strategies are promoted in the specific task setting ([@CIT0034]). Although the participants in our study were instructed to identify the odor after the recognition judgment, it is possible that covert naming or related semantic associations occurred and facilitated recognition ([@CIT0028]).

Although gender effects were not the primary aim of the present study, it is of interest to note that men and women did not differ in recognition memory for neither odors nor faces. Previous research presents a mixed pattern of findings regarding potential gender differences in olfactory functions ([@CIT0002]; [@CIT0012]), although evidence appears to be most consistent for a female superiority effect in odor identification ([@CIT0011]; [@CIT0017]) and odor recognition ([@CIT0041]; [@CIT0007]). However, the fact that the manifestation of the gender effects in odor memory vary largely between studies and that some studies have failed to find gender effects ([@CIT0032]; [@CIT0030]) indicates that further research is warranted.

In conclusion, we reported of substantial long-term forgetting for odors and faces across 64 days. Memory for faces was better than for odors, but no fundamental differences in forgetting functions between modalities were observed. Familiarity was related to memory for both modalities, and for odors consistent identification exerted a significant influence on performance.

Funding
=======

This work was supported by Swedish Research Council (421-2011-1792) and The Swedish Foundation for Humanities and Social Sciences (M14-0375:1) to M.L.

We thank the TV4 Group and Ulla Montan for access to pictures of famous persons and Professor Mats E. Nilsson and Professor Stefan Wiens for helpful comments.
